Studies on animals and human subjects have suggested that urban pollutants may alter blood pressure (BP) values; these agents are cadmium [1] [2] [3] [4] [5] , lead [6] [7] [8] [9] [10] [11] [12] benzene, toluene and xylene 13, 14) . Besides these, physical agents such as noise [15] [16] [17] [18] [19] and psycho-social stressors [20] [21] [22] [23] could alter BP values.
Although in the literature the role of environmental stressors on BP has been evaluated in exposed workers, few studies have been conducted by ambulatory (24 h) blood pressure monitoring (ABPM) 23) . The class of workers examined in this study were employees of the Municipal Police of a big Italian city, for whom we have already studied, in previous studies, the environmental and biological levels of some urban pollutants [24] [25] [26] [27] . Exposure dosage to benzene was (mean 7 h) 10.7 µg/m 3 for police officers but about three times lower (3.6 µg/m 3 ) in controls 24, 26) . Although unleaded petrol had been introduced, a mixed regime existed in Italy at the time of this study (use of leaded and unleaded petrol). Moreover, it is probable that anti-detonation additives containing manganese and nickel are present in fuels. The use of unleaded petrol may be the cause of the increase in benzene in the urban atmosphere.
In the period March-April 2001, the Municipality of the city in question monitored concentrations of particulate matter 10 micrometers in diameter and smaller (PM10), considered inhalable, in fixed stations located in districts with different intensities of traffic, registering mean monthly values of 60 µg/m 3 , 45 µg/m 3 and 30 µg/m 3 respectively in a municipal park (http://www.comune. roma.it). The aim of this study is to evaluate, by ABPM, whether police officers exposed to urban pollutants, may be at risk of changes in ambulatory systolic blood pressure
Field Study
) and drinking habits with controls. Smoker police officers were compared with controls also by the smoking habit. In the non smoker group 77 police officers with outdoor activity (38 men and 39 women) and 87 controls with indoor activity (43 men and 44 women) were studied. In the smoker group 43 police officers (21 men and 22 women) and 29 controls (15 men and 14 women) were studied. In non smoker male police officers ambulatory SBP mean values during 24 h, during day-time and during night-time were significantly higher than controls. In the same group ambulatory DBP values during 24 h and between 6 AM and 11 AM and between 10 PM and 6 AM were significantly higher in police officers than controls. The results suggest that occupational exposure to urban pollutants and possible psychosocial stressors could cause changes in ABPM values in male police officers compared to controls. 
Materials and Methods
The research was carried out on a working population of 802 Municipal Police employees. Two groups were studied: police officers who worked in shifts on parking, patrols, keeping passage-ways free, controlling traffic at crossings and on roads with intense flows of traffic; and subjects who carry out indoor activities of an administrative and bureaucratic nature, not exposed to urban pollutants, at lesser levels of exposure, used as a control group. The police officers and control group worked for seven hours at day at least five days at week. No differences in working schedules (such as work starting time), no shift workers and/or night workers were present in this study.
For inclusion in the study all workers completed a questionnaire, in the presence of a physician, on the following subjects: age, length of service, height, weight, pharmacological therapies, cigarette smoking habit (number of cigarettes smoked daily and years of smoking) [28] [29] [30] , drinking habit (wine, beer and spirits; number of glasses consumed daily) 28, 31) , body mass index (BMI kg/m 2 ) 31, 32) , family history of cardiovascular disease 33, 34) , diabetes 34) and dietary salt intake 35) . All the workers included in the study underwent dosage with serum total cholesterol, serum HDL cholesterol, serum LDL cholesterol and plasma triglyceride 34, 36) : the normal values in the test were the ones normally applied in our laboratory, 150-250 mg/dl for serum total cholesterol, 30-80 mg/dl for HDL, 60-180 mg/dl for LDL and 40-150 mg/dl for plasma triglyceride, for both sexes. A l0 ml sample of venous blood was taken from each worker, between 8 AM and l0 AM, fasting. Samples were kept in the workplace in a refrigerator at -4°C until they were moved to the laboratory (by refrigerator), where they were immediately centrifuged to obtain serum, which was kept at -20°C until it was analysed (within 3 days).
We excluded from the study 124 subjects with a length of service less than 2 yr, since we considered their period of exposure too short to have had any effect on BP, and 22 subjects who regularly made use of antihypertensive drugs. We also excluded 25 subjects with serum total cholesterol >250 mg/dl and 28 subjects with BMI (kg/m 2 ) more than 30.
We excluded from the study 187 subjects who were not comparable for the abovementioned parameters.
We excluded from the study 180 subjects having recordings with an insufficient number of reliable measurements.
As far as alcohol consumption was concerned, all the subjects included in the study were teetotallers or had a negligible alcohol consumption (no spirits and less than 1 glass of wine or beer once a day or less). Salt intake in the diet was similar in police officers and controls. Diabetic subjects were not present in this study.
The remaining police officers and controls have been subdivided into two groups: non-smoker and smoker subjects 30) . The smoker subjects were all light or moderate smokers.
Police officers were compared by sex, age, length of service, family history of cardiovascular disease, serum total cholesterol, serum HDL cholesterol, serum LDL cholesterol, plasma triglyceride, BMI and habitual alcohol consumption (number of glasses of wine or beer consumed daily) with controls (by mean, SD, distribution) (Table 1) . Moreover, smoker police officers were compared with controls also by the number of cigarettes smoked daily and years of smoking (Table 2 ). In the non smoker group 77 police officers with outdoor activity (38 men and 39 women) and 87 controls with indoor activity (43 men and 44 women) were included in the study (Table1).
In the smoker group 43 police officers with outdoor activity (21 men and 22 women) and 29 controls with indoor activity (15 men and 14 women) were included in the study ( Table 2 ).
The breakdown of the workers by sex was necessary in view of the greater sensitivity to both physiological and pathological stimuli of the response of BP in women of fertile age, compared to men 37, 38) . We r e c o r d e d B P a t r e s t w i t h a m e r c u r y sphygmomanometer and with an ABPM device. The workers fasted for at least 10 h, and rested for at least 15 min in a room at a comfortable temperature, before the recording of blood pressure (BP). At rest BP was measured in the morning after 5 min lying down, again 3 min later, and a third time after another 3 min, with the patient still lying down, and 30 s. after he stood up, according to WHO (World Health Organization). The mean of the first three measurements was considered the mean BP and used to calculate the percentage of basal hypertensives, using the WHO classification. With the ABPM device we recorded each subject's BP every 20 min after waking (6 AM-11 AM), every 15 min in the morning (11 AM-1 PM), every 20 min in the afternoon (1 PM-10 PM) and every 60 min when sleeping (10 PM-06 AM) continuously by using a portable, non-invasive, automated blood pressure monitoring and recording system (Microsan model 5600, H&C Medical Device). This device uses both auscultator and oscillometric methods to determine BP.
Data processing included the calculation of mean BP in 24 h, during daytime (between 6 AM and 11 AM, 11 AM and 13 PM, 1 PM and 10 PM) and during nighttime (between 10 PM and 6 AM).
The subjects was instructed to keep a diary of daily activities and quality of night rest during ABPM measurements. All ABPM measurements were recorded during time off and daily activities, and quality of night rest during ABPM measurements was the same for both police officers and controls. All of the subjects consented to their personal details being available, declaring that they had been made aware that these data are regarded as "sensitive information", and agreed that the data arising from the research protocol should be treated in an anonymous and collective way, with scientific methods and for scientific purposes in accordance with the principles of the Declaration of Helsinki.
Statistical Analysis
Statistical analysis of the data was based on the calculation of the mean, standard deviation (SD), distribution, range and frequency according to the nature of the single variables. The differences between the means were compared by using Student's t test for unpaired data.
Frequencies of the single variables were compared by the chi-squared test with Yates' correction. The Fischer's exact test was used when the overall total was less than 20 or between 20 and 40 and the lowest of the four expected values was less then 5.
The differences were considered significant when the p values were <0.05.
The statistical analysis was done with the statistical program Solo-BMDP TM Statistical Software.
Results
During ABPM measurements there were no differences in daily activities and quality of night rest in police officers and controls, as judged from the completed diaries.
The frequency of basal hypertension (according to Mean BP values at rest were not significantly different in non smoker police officers and controls of both sexes (Tables 3 and 4) .
Mean BP values at rest were not significantly different in smoker police officers and controls of both sexes (Tables 5 and 6 ).
Mean BP values at rest were not significantly different in smoker and non smoker police officers and controls of both sexes (Tables 3, 4, 5 and 6).
In non smoker male police officers ambulatory SBP mean values during 24 h, during daytime (between 6 AM and 11 AM, 11 AM and 1 PM, 1 PM and 10 PM) and during nighttime (between 10 PM and 6 AM) were significantly higher than controls (Table 3) . Ambulatory DBP mean values during 24 h and between 6 AM and 11 AM and between 10 PM and 6 AM were significantly higher in non smoker male police officers compared to controls (Table 3) .
In non smoker female police officers ambulatory SBP and ambulatory DBP mean values were not significantly different to controls (Table 4) .
In smoker police officers ambulatory SBP and ambulatory DBP mean values were not significantly different to controls of both sexes (Tables 5 and 6 ).
Mean ambulatory SBP and ambulatory DBP values were not significantly different in smoker and non smoker police officers of both sexes (Tables 3, 4, 5 and 6). 
Discussion
Considering that the principal confounding factors have been excluded and that smoker subjects were evaluated separately, these data suggest that occupational exposure to urban pollutants may alter ambulatory SBP and DBP values in police officers compared to controls.
The results suggest that ABPM has offered a new tool to study BP in police officers. In fact, the non significant results obtained by BP at rest (with respect to significant results by ABPM) confirm the utility of ABPM as sensible method to study BP.
In our study ABPM measurements have been recorded during a non-working day to evaluate how much the occupational stressors prolonged the stress to "short time" and to avoid the presence of contingent factors due to working shift. The fact that the stress goes on during non-working time suggests that these stressors may influence cardiovascular system activation, also after working exposure.
The fact that in female subjects there were not found significant differences in mean BP values between police officers and controls suggests that the female population may be more highly protected by hypertension until menopausal age 37, 38) . In our female population the mean age is about 42 yr, while the mean age in European females, at which they have the last menstrual cycle, is 51.4 yr. Our results confirm the data in the literature about protection by ovarian hormones in premenopausal female subjects 36, 38) . In our studied population there is an higher risk of BP changes in male police officers aged 30-62 yr.
In the smoker population there were no significant differences were in ambulatory SBP and DBP values between police officers and controls of both sexes. Cigarette smoking may determine a decrease or an increase in BP [28] [29] [30] . In our study, cigarette smoking seems to alter BP, in fact the effects of urban pollutants and possible psycho-social stressors on exposed subjects (observed in the non smoker population) were cancelled in the smoker population.
Ambulatory BP values in smoker and non smoker police officers were not significantly different and these results may be explained by changes in baroreflex sensitivity secondary to reduced vascular compliance in smoker subjects 29) . The action mechanisms of urban pollutants able to modify BP values are still not clear. In studies on animals 1, 2, 4, 5) and human subjects 2, 3) the relationship between cadmium exposure and hypertension has been discussed. Hypertensive response in rats 5) and in male workers exposed to cadmium 3) seems to be timedependent. The hypertension may be due to an accumulation of this metal in the renal parenchyma [1] [2] [3] [4] [5] . Studies in the literature have suggested an association between high levels of blood lead and high BP in different categories of workers exposed, such as: police officers 8) , welders and PVC-workers (polyvinyl chloride) 9) , industrial workers and subjects exposed to vehicle smoke 10) , workers in the metal industry or other industrial activities 11) . The hypertension following lead exposure may be due to a higher secretion of renin by cells of the iuxtaglomerular apparatus 7) and/or to an alteration in plasma lipoprotein 12) . Kotseva e Popov (1998) have evaluated BP values at rest in workers exposed to benzene, toluene and xylene: systolic and diastolic BP values were significantly higher in exposed workers than in controls 13) . It is well known that personal exposure to benzene, toluene and other aromatic hydrocarbons from direct exposure to traffic fumes, as experienced by some categories of outdoor workers, such as police officers, may be considered higher than personal exposure of indoor workers (particularly in our cities) 39) . For this reason in our previous researches we have studied exposure dosage to benzene, toluene and other aromatic hydrocarbons in Municipal Police employees of the city in question. Time weighted average (TWA) exposure to benzene (mean 10.7 and 3.6 µg/m 3 , respectively) and to toluene (mean 40.7 and 13.5 µg/m 3 , respectively) was significantly higher among police officers than among indoor workers 24, 26) . Since previous studies have already measured the environmental and biological levels in our working population and it is well known that police officers' exposure dosage is significantly higher than controls, we didn't repeat the exposure dosage study in this work 24, 26, 27) . Several studies in the literature have studied the relationship between noise and hypertension and reported that the effects of noise on the cardiovascular system may be caused by autonomic nervous system activation with an increase in catecholamine release [15] [16] [17] [18] [19] . Besides these, human epidemiological studies have shown that the prevalence of hypertension is strongly dependent on psycho-social stressors [20] [21] [22] [23] . It is well known that police officers are a working population exposed to stress; as a group they experience many occupational demands with physiological and psychological effects that could be harmful to their health. According to Ely et al., increased psychosocial stress will increase blood pressure and this comes about through sympathetic activation, which increases norepinephrine levels 20) . Sources of stress for police officers may be the relationship with the public, exposure to episodes of criminality, rotating shift work and the need to maintain high levels of services in various contexts.
In a previous study we analysed subjective stress in Municipal Police employees. To this end, we administered the Rapid Stress Assessment scale (RSA): total RSA scores were found to be significantly higher in police officers than in controls 21) . Pickering reported that occupational stress, measured as job strain with ABPM, can raise blood pressure 22) . Brondolo et al. used ABPM to study 115 New York City traffic agents, who routinely engage in conflict-prone communication with the public under relatively fixed conditions. These authors found that the most stressful communication activity (talking to the public) was associated with a significant increase in ambulatory SBP and ambulatory DBP in comparison to a resting baseline 23) . The abovementioned results suggest that there exists a cumulative effect of different stressors that are able to increase ambulatory BP values in male police officers.
